Objectives: Carver and White's behavioral inhibition system and behavioral activation system (BIS/BAS) scales are the most widely used to assess constructs of the revised reinforcement sensitivity theory. This study provides a re-examination of the latent structure of the original BIS/ BAS scales.
been questioned (Cogswell et al., 2006; Torrubia, Alvia, Molto, & Caseras, 2001) . Campbell-Sills, Liverant, and Brown (2004) , for example, demonstrated that although the four-factor structure of the BIS/ BAS scales was supported, two BAS items did not load simply on their intended factors and other items were associated with nonsalient loadings. These researchers also found support for a general behavioral activation factor that may be more theoretically consistent and interpretable compared with the three-factor BAS model.
The unidimensional nature of the original BIS factor has also been questioned (Johnson, Turner, and Iwata's (2003) ). Results from confirmatory and exploratory factor analyses have indicated two potentially problematic BIS items that appear to form a separate factor (Cogswell et al., 2006; Johnson et al., 2003) . A recent study (Heym, Ferguson, & Lawrence's, 2008) extended these findings by separating the BIS scale into two factors: BIS-anxiety and FFFS-fear. The authors used confirmatory factor analysis to compare BIS models including Carver and White's (1994) single-factor BIS model, Johnson et al.'s (2003) 2-factor model, and their BIS-anxiety and FFFS-fear two-factor model. Results revealed that Heym et al.'s (2008) two-factor model (four-item BIS, three-item FFFS-fear) was associated with significantly better model fit compared with Carver and White's (1994) single-factor model and Johnson et al.'s (2003) two-factor model.
Despite initial support, the validity of this two-factor BIS model warrants further examination given ambiguity in the published literature. First, as noted by Campbell-Sills et al. (2004) , the two reversescored BIS items are those that often load poorly on the BIS factor. This is important to note because reverse-scored items are known to be associated with method effects that convolute the dimensionality of measures when they are not appropriately accounted for in modeling procedures (see Brown, 2003; Marsh, 1996; Marsh, Scalas, & Nagengast, 2010) . In addition, Carver and White (1994) directly stated that because the original fight-flight system was not the focus of Gray (1990) , "this aspect of the theory has been disregarded in the work reported here" (p. 319). Because Carver and White (1994) did not construct the BIS/BAS scales to assess the FFFS-fear dimension, this lends less theoretical basis to separating the BIS factor into multiple subcomponents. In combination with the fact that previous investigations reporting a two-factor BIS structure did not control for method effects, it is possible that a closer examination that introduces this control would yield new insights as to the nature of the BIS scale's psychometric properties.
| The current study
The current study thus sought to clarify unresolved issues regarding the dimensionality of the BIS and BAS scales through the application of appropriate modeling procedures. Specifically, one aim of this study was to use exploratory bifactor analysis to examine the degree to which each of the three purported BAS subfactors (Drive, FUN, and RR) are substantively meaningful and interpretable relative to a "general BAS" dimension. The exploratory bifactor model has recently been shown to be effective at examining dimensionality-particularly unidimensionality-when multiple subscales are presumed to be present and underlie a common general factor (e.g., Reise, Moore, & Haviland, 2010; Reise, Morizot, & Hays, 2007) . The second aim was to use appropriate modeling procedures to account for method effects due to reverse-scored items (Brown, 2003; Marsh, 1996) to compare a unidimensional BIS model (accounting for the reverse-scored items via correlated error terms) to previously published one-factor and twofactor BIS models that did not account for such method effects (Carver & White, 1994; Heym et al., 2008; Johnson et al., 2003) . We hypothesized that both behavioral approach and avoidance as measured by the BIS/BAS scales would load onto separate unidimensional factors. were excluded due to one (n = 24) or two (n = 5) missing items, leaving a final sample of 537. The mean age was 19.67 years (SD = 2.92; range 17-54), and 62% (n = 333) were female. Participant ethnicities were as follows: 70.2% White; 22.5% Black; 2.6% Asian; 2.2% Hispanic; 2.2% Other; and 0.2% no ethnicity reported.
| Measures
The BIS/BAS scales (Carver & White, 1994 ) comprise a 20-item selfreport measure of trait sensitivity levels of the behavioral inhibition and activation systems. The original scale developers posited three BAS subscales that assess RR, Drive, and FUN. The same iteration of the measure posits BIS as a unitary scale measuring sensitivity to avoidance of potential punishment. Each statement is rated on a 4-point Likert-type scale ranging from 1 (very false for me) to 4 (very true for me). 
| Procedure

| Data analytic approach
Factor Structure of the BAS. The factor structure of the BAS was examined through Schmid-Leiman exploratory factor analysis (SL-EFA;
Schmid & Leiman, 1957) using the Psych package (Revelle, 2016) in the R statistical program (R Development Core Team, 2008) . This technique is an exploratory bifactor model (Holzinger & Swineford, 1937) particularly useful for examining the extent to which variations in item responses are due to subfactors versus a general factor common to all the items. In addition to positing a common general factor (e.g., "general BAS," as in the current study), a SL-EFA also posits multiple "group" factors that represent specific content domains. These "group" factors are orthogonal to each other as well as to the general factor, and they explain any additional item response variance above and beyond that accounted for by the general factor (see Reise et al., 2010 for full description of oblique [promax] rotation). Additionally, polychoric correlation matrices (Holgado-Tello, Chacón-Moscoso, Barbero-García, & Vila-Abad, 2010 ) and the minimum residual (ordinary least squares) solution estimation method (Harman & Jones, 1966) were used due to the categorical nature of the data. Items were not reversed-coded for the factor analyses.
In addition to the exploratory bifactor model, standard three-factor EFA solutions of the BAS items were examined using oblique rotation, polychoric correlation matrices, and ordinary least squares with the R statistical package. Factor loadings >.30 were considered to be strong loadings on the general factor (in the SL-EFA solution) and on the specific subfactors (in both the SL-EFA and standard EFA solutions). The degree to which each of the three purported BAS subfactors (Drive, FUN, and RR) are substantively meaningful and interpretable (in addition to the "general BAS" factor) was assessed based on whether the following criteria were met: (a) at least three items-the minimum number of items needed to just identify a factor -loaded on the subfactor in both the standard EFA and SL-EFA solutions with loadings >.30; (b) the pattern of factor loadings of the items were consistent with theory-based predictions (and not related simply due to nuisance factors such as the manner an item is worded; i.e., reversed scored statements); (c) these items did not load (or cross-load) on factors inconsistent with the originally posited three-factor (Drive, FUN, and RR) BAS structure; and (d) the factor loading of a given item in the standard EFA solution did not evidence a substantial drop relative to the item's factor loading when subjected to a SL-EFA solution (given that such a drop would suggest that it would be difficult to obtain meaningful variation from the item/subscale once accounting for the "general BAS" factor; cf. Reise et al., 2010) .
In addition to EFA, we also conducted confirmatory factor analysis (CFA) using Mplus Version 7.2 (Muthén & Muthén, 2012) to examine the fit of the bifactor model in a CFA context. As with the EFA bifactor model, all factors were set as orthogonal to each other and data were treated as ordinal (categorical). The weighted least-squares with mean and variance (WLSMV) estimator was also used for these analyses. The fit indices used to evaluate the model fit are described below.
| Factor structure of the BIS
A CFA was conducted in Mplus version 7.2 (Muthén & Muthén, 2012) to evaluate and compare competing BIS models. CFA was used for these analyses to examine competing BIS factor structures given that CFA provides advantages over EFA when comparing competing (nested) models that involving modeling method effects (Brown, 2003; Marsh, 1996) . Computations were based on polychoric correlations and the robust WLSMV adjustment estimator, as has been recommended for use with categorical (ordinal) data (Flora & Curran, 2004; Muthén, du Toit, & Spisic, 1997) . Given that a unidimensional model that controls for method effects by specifying correlated error terms among the two reverse-scored BIS items (cf. Brown, 2003) have not yet been examined, CFA was used to compare our newly posited competing unidimensional model whereby method effects (due to the two reverse-scored items) were accounted for by specifying correlated error terms (also referred to as correlated uniqueness; Brown, 2003; Marsh, 1996) to (a) Carver and White's (1994) 
| Examining model fit
The following fit indices were used to evaluate these competing models: the comparative fit index (CFI), Tucker-Lewis index (TLI), and the root mean square error of approximation (RMSEA). Values of CFI and TLI greater than .95 (Hu & Bentler, 1999) and RMSEA values less than .08 (Browne & Cudeck, 1993) suggest good model fit. These cutoffs were used, however, as only rough guidelines for interpreting good model fit.
| Comparing the fit of nested models
Due to the correlated error terms included in our newly specified onefactor model, this one-factor model was not nested relative to the competing models b and c (noted above)-thereby precluding our ability to conduct χ 2 difference tests to statistically compare their relative model fit. Our newly specified one-factor model (with correlated error terms included between the two reverse-worded items), however, was nested within one-factor model without correlated error terms as well as the modified Heym et al. (2008) two-factor correlated BIS model that included correlated error terms between the two reverse-worded items of the three-item FFFS-fear subscale (to account for method effects of these two reverse-worded items). This nesting thus afforded our ability to statistically test whether relegating the three FFFS-fear items to comprise a separate second factor (as in the Heym et al.,
2008 model) was associated with significantly better model fit relative to the more parsimonious one-factor model (with included error terms between the two reverse-worded items). Given that these analyses were based on the WLSMV limited information estimator, we 1 Although it has been suggested that method effects could also be modeled by correlating error terms among the nonreversed-worded items of a measure, researchers more recently have reported that correlating error terms among the reversed-worded items more appropriately accounts for method effects (e. g., Corwyn, 2000; Marsh, 1996; Tomas & Oliver, 1999) . We thus examined method effects by correlating error terms among the reversed-worded (and not the nonreversed-worded) items in the present study.
conducted the χ 2 difference test using the "difftest" procedure available in Mplus, which calculates the appropriate χ 2 difference test statistics when using limited information estimators (see Asparouhov & Muthen, 2006; Muthen & Muthen, 2012) .
| Factor structure of the BAS
The factor loadings associated with the 13 BAS items from the threefactor SL-EFA, standard three-factor EFA, and unidimensional solutions appear in Table 1 . The factor loadings of the unidimensional model were also added to Table 1 Table 1 ).
Due to the FUN items only loading significantly on the general BAS factor but not on the specific FUN domain, these items were specified to only load on the general BAS factor. All other items loaded significantly on both the general BAS factor and also on their respective RR and Drive specific domains (also shown in Table 1 ). This confirmatory bifactor model also fit the data well (i.e., CFI = .96, TLI = .95, RMSEA = .072).
As a result, the general BAS factor (i.e., the BAS total score) appears to be the most meaningful and interpretable BAS dimension, consistent with the underlying theory that drove its initial development. It is important to note, however, that several of the loadings on the specific factors are somewhat high (and in a few cases, higher than the loading on the general factor), such as some of the factor loadings of the RR items based on the EFA model. The specific content domains underlying the BAS scale are thus likely not trivial and may provide unique and meaningful contributions to item variation that warrants further research. Results based on the CFA bifactor model, however, suggest that the FUN items may best represent the general BAS domain as opposed to also the specific FUN domain, and so more research is needed to better understand the degree to which these items provide specific information above and beyond the overarching general BAS dimension.
| Factor structure of the BIS
The fit statistics associated with the various competing BIS models appear in Table 2 . As hypothesized, Carver and White's (1994) one-factor model (not accounting for method effects) was associated with poor model fit (e.g., CFI = .73, RMSEA = .208), consistent with previous findings (Heym et al., 2008; Johnson et al., 2003) . Also as expected, Johnson et al.'s (2003) two-factor correlated model was associated (1) = 121.56, p < .001.
Tests of the more parsimonious one-factor model (which included correlated error terms to account for method effects of the two reverse-scored items) revealed good model fit (e.g., CFI = .96, RMSEA = .08). As noted above, this one-factor model is not nested relative to the competing models above, which precluded our ability to We also conducted a chi-square difference test to statistically test the assumption that unidimensionality. Specifically, we compared the two-factor Heym et al. (2008) Further, a one-factor model (with correlated error terms), as seems supported in the present study, is more interpretable given the parsimony of its one-factor structure.
Regarding Johnson et al.'s (2003) two-factor model, it is also notable that the second factor in Johnson et al.'s (2003) two-factor model comprises only two items (i.e., the two reverse-scored items).
This is problematic given that factors with fewer than three items are considered weak and often negligible (Costello & Osborne, 2005 Note. BIS = behavior inhibition scale; CFI = comparative fit index; FFFS = fight, flight, freeze system; RMSEA = root mean square error of approximation; TLI = Tucker-Lewis index.
a Degrees of freedom estimated using the special Mplus procedure.
| DISCUSSION
The main goal of the present study was to re-examine the factor structure of the BIS/BAS scales. Specifically, the BAS scales (both a general BAS factor and the three BAS subscales model) were examined to determine the extent to which they were substantively meaningful and interpretable. In addition, competing BIS models (both unidimensional and two-factor) were compared with determine best model fit.
Results from this study indicated that all 13 BAS items were good indicators of the general BAS dimension. In addition, with the exception of the BAS-RR subscale, neither the BAS-Drive nor the BAS-FUN subscales demonstrated adequate psychometric support to be considered meaningful and interpretable subscales. Specifically, some items cross loaded, and many subscale factor loadings in the standard EFA evidenced substantial drop relative to the factor loadings when subjected to an exploratory bifactor model. This lends further support to the assertion that once accounting for the "general BAS" dimension, very little meaningful item variation due to the subscales remains. More research is needed to confirm these findings, particularly given previous support for both the presence of the "general Campbell-Sills et al., 2004) . Across both studies, however, results suggest the general BAS factor is the most meaningful and should be relied on for interpretation. Results supporting the BAS scale as primarily a unidimensional construct are also more theoretically consistent with both the original (Gray, 1990) and revised RST (Gray & McNaughton, 2000) . This finding may also aid in understanding pre- Alternate one-factor BIS (unidimensional) model (controlling for method effects). Note the factor loading of −.17 is small, but significant (z = 3.58, p < .01). BAS = behavioral activation system; BIS = behavior inhibition scale associations (i.e., RR, FS, and Drive) with other variables have been difficult to interpret in terms of how each subscale related theoretically to general BAS functioning (Cogswell et al., 2006; Jackson & Smillie, 2004) . Re-examining these associations while conceptualizing the BAS primarily as a unidimensional factor may elucidate new and more theoretically consistent conclusions.
The present findings also provide strong evidence that covariances among the seven items of the BIS scale are best explained by a single underlying construct. Although refuting previous assertions that the latent structure of the BIS consists of two potentially meaningful factors (BIS-anxiety and FFFS-fear; Heym et al., 2008) , these results are consistent with the literature detailing potential method effects in scales using both positively and negatively worded items (e.g., Marsh, 1996) . If method effects are not modeled in the factor analyses of the BIS scale, the resulting latent structure of the scale may be confounded or masked by method effects (Marsh, 1996) .
Specifically, the unidimensional BIS model evidenced better fit than the two-factor models once controlling for method effects. Although Johnson et al.'s (2003) two-factor model (not controlling for method effects) achieved substantially similar fit as the one-factor model (with included method effects), the current one-factor model is still favorable given more parsimony and consistency with theory. Additionally, Johnson et al.'s (2003) two-factor model is problematic given that one of the factors comprises only two items (i.e., the only two reversed-scored items in the scale). Similarly, it is notable that the modified Heym et al. (2008) two-factor model that allowed correlated error terms among the two reversed-worded items of the FFFS-fear subscale to control for method effects was not associated with better model fit relative to our newly proposed one-factor model (also controlling for method effects), despite Heym et al.'s (2008) two-factor model being composed of more factors than our one-factor model.
The reason for this is likely due to the fact that Heym et al.'s (2008) "two factors" were nearly perfectly correlated at .96, thereby essentially making that "two factor" model a single-factor model. This lack of improved fit of Heym et al.'s (2008) two-factor model supports our more parsimonious one-factor model-particularly in light of the good fit evidenced by the one-factor model (with included method effects). As noted above, researchers have often interpreted the second factor as having substantive meaning (e.g., a factor of fear that is related to FFFS; Heym et al., 2008) . As demonstrated in the present study, however, it is more likely that the appearance of a second factor is due to lack of modeling method effects as opposed to an actual, distinct construct related to FFFS. That said, factor analysis alone cannot determine whether correlated error is a "method" factor or a factor with substantive meaning. Future validity studies are thus needed to substantiate this claim.
Results highlight potential problems of having reverse-scored items in a scale (e.g., Brown, 2003) . In fact, Marsh (1996) questioned whether or not the advantages of including reserved-scored items (e.
g., reducing acquiescence reporting biases) outweigh the problems related to method effects, such as complexity of scoring reversescored items (Brown, 2003) . More research is needed to determine how to best handle reverse-scored items, and whether or not they should be retained in the BIS scale. Although the current results are interesting and provide the basis for future research, it is important to note that this is a single study. Replication of the methods used in this study would be beneficial to add support to the results and resultant conceptualization of BIS/BAS factor structure. Despite limitations, the collective results provide a strong psychometric basis for the use of the original BIS/BAS scales (controlling for method effects in the BIS scale) to be used in future research. Results also caution against the use of a two-factor BIS scale to separate and assess the constructs of behavioral inhibition and FFFS (cf. Heym et al., 2008) . Although the FFFS construct is important in RST research (Walker & Jackson, 2017) , and recent instrumentation allows assessment of the FFFS independent of other RST constructs (Maack, Buchanan, & Young, 2015) , it remains the task of future studies to develop a means of more accurately measuring, conceptualizing, and integrating the FFFS construct into RST research more broadly.
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